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1. Introduction  
Cancer is a growing public health problem, 
particularly in developed countries, despite advances 
in biomedical research and technology. In 2012, the 
annual cancer cases were 14 million and this number 
will increase to reach 22 million within the next two 
decades. Moreover, cancer is a leading cause of death 
worldwide, accounting for 8.2 million deaths in 2012. 
Hepatocellular Carcinoma (HCC) is categorized 
among the deadliest cancers and the fifth principal 
cause of cancer across the world [1, 2]. Causative 
factors of HCC include Hepatitis C, which has 
Abstract  
Introduction: 
Hepatocellular carcinoma (HCC) is the fifth most malignant of liver cancer globally. 
Melanoma is also a highly aggressive and deadly cancer with a poor prognosis given its 
drug resistance. A defect in apoptosis pathway is one of the key mechanisms that 
contribute to drug resistance in cancer. An important sea marine animal is the Holothuria, 
also known as the sea cucumber, which has various pharmacological activities. Scientists 
have begun to further investigate on the natural bioactive compounds found in marine 
animals showing anti-inflammatory and anti-cancer properties. H. sabra and H. parva, sea 
cucumbers are known to show the mentioned properties. 
Methods and Results:  
This study was designed to determine to use of methanolic extract of Persian Gulf sea 
cucumber, Holothuria, as potential anti-cancer agents on liver and skin mitochondria 
isolated from cancerous induced animal. 
The cancerous induced animals were applied for mitochondrial investigations. The 
mitochondria isolated from Hepatocytes and melanoma cells via differential centrifuges 
was treated with various concentrations (250, 500 and 1000 µg/mL) of metanolic extract of 
H. parva and H. sabra. Reactive oxygen species (ROS) formation, mitochondrial swelling, 
mitochondrial membrane potential (MMP), and cytochrome c release resulting from the 
selective toxicity of various dilution of methanolic extract of H. sabra and H. parva on 
mitochondria isolated from cancerous induced animals were determined. 
Our results show that different concentrations (250, 500 and 1000µg/mL) of the 
methanolic extract significantly (p<0.05) induce reactive oxygen species (ROS) formation 
and mitochondrial swelling, decreased mitochondrial membrane potential (MMP) 
disruption and increased cytochrome c release only in HCC mitochondria and melanoma 
mitochondria, in a time-and concentration dependent manner (In comparison to the control 
group).  
Conclusion: 
Our study suggests that given bioactive compounds found in mentioned sea cucumbers can 
be potentially introduced as anti-cancer molecules. Further studies such as molecular 
identification, in vivo experiments and clinical trials can confirm these results. 
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annually increased the rate of HCC up to 3.7 per 100 
patients. Hepatitis B has also increased the rate to 2.2 
per 100 patients per year [3]. Additional causative 
factors include food additives, non-alcoholic fatty 
liver disease, obesity, and various forms of pollutions 
and industrial chemical toxics found in the 
environment [4, 5]. 
 Melanoma, also known as skin cancer, initiates in the 
pigment melanocytes. According to the past studies, 
the incidence of melanoma has increased in both 
developed and developing countries [1, 2].  
In the early stages of these cancers, surgery can cure 
the disease. The disease has a poor prognosis given its 
resistance to conventional chemotherapy drugs. A 
number of chemotherapy drugs through the 
mitochondrial pathway induce apoptosis signaling and 
cell death in the cancer cells [3]. Studies have shown 
that disruption of the process of apoptosis is one of the 
main mechanisms of resistance. In fact, targeting 
apoptosis pathways is one of the mechanisms 
underlying treatment for cancers [4-7]. It is well 
documented that the mitochondria plays a pivotal role 
in apoptosis signaling. Furthermore, there are several 
differences between the mitochondria found in healthy 
and malignant cells. Due to these differences, the 
mitochondria have been considered for many 
researchers as a cancer therapeutic target [8-10].  
Utilization of natural products as anti-cancer agents is 
increasing. The oceans cover approximately 70% of 
the Earth’s surface. Marine environments are a unique 
reservoir for bioactive natural products, with structural 
features not generally found in terrestrial plant 
metabolites. In the last decade, more than 3000 new 
compounds have been discovered in marine 
environments, indicating that marine environments 
may offer a variety of novel therapeutic molecules. In 
recent decades, many natural compounds, including 
from marine species, with anticancer properties have 
been identified; some of these compounds are 
indifferent phases of clinical trials [11, 12]. Studies 
have shown that bioactive compounds isolated from 
sea cucumbers possess nutritional value, likely health 
benefits and serve as a potential treatment towards 
chronic diseases such as cancer [13, 14].  
Sea cucumbers, belonging to the Holothuroids (Holo-
thuroidea), are marine invertebrates that exist in 
benthic areas and deep seas [14]. The anticancer 
effects of sea cucumbers have been attributed to a 
unique combination, which includes triterpene 
glycosides, sulfated triterpene glycosides, alkaloids, 
frondoside A, and unsaturated fatty acids [13, 15, 16]. 
Results from our previous study showed that 
mitochondrial targeting is an important mechanism by 
which H. parva can potentially and selectively induce 
apoptosis in hepatocellular carcinoma (HCC) 
hepatocytes and human chronic lymphocytic leukemia 
(CLL) Lymphocytes [14, 17]. Furthermore, other 
studies have shown that compounds isolated from sea 
cucumbers inducing apoptosis leading to cancer cell 
death [15, 16]. There is a significant lack of evidence 
about the selective toxicity and apoptotic ability of H. 
parva, a novel potential anticancer candidate of 
Iranian Persian Gulf flora and fauna, on melanoma as 
well as H. sabra on HCC. Therefore, this study aimed 
to study the cytotoxicity effect of H. sabra extracts on 
HCC and H. parva on skin mitochondria isolated from 
animal model of melanoma.  
2. Materials and Methods 
2.1. Sampling and extraction of sea cucumber 
Holothuria (H. parva and H. sabra) samples were 
collected from the Bandar-e-lengeh coast, south of 
Iran. H. parva and H. sabra samples were transported 
to the laboratory via iced boxes. The samples were 
washed with cold water, weighed, and evaluated. 
Bioactive agents were extracts using the method 
described by Mamelonaet al.[18]. H. parva and H. 
sabra samples were cut into small parts and 
homogenized using a blender. After filtration and 
centrifugation at 30,000 ×g for 15 min in 4º C, 
methanolic extracts of Holothuria (H. parva and H. 
sabra) were evaporated under vacuum at 45º C by a 
rotary evaporator. Finally, the powdered extracts of H. 
parva and H. sabra were stored at -20 ºC. 
2.2. Animals 
The animal model for melanoma was acquired from 
Pasteur Institute. All experimentations were 
conducted according to the ethical standards and the 
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protocols were approved by the Committee of Animal 
Experimentation of Shahid Beheshti University of 
Medical Sciences, Tehran, Iran. 
2.3. Mitochondria isolation 
 Isolation of the Mitochondria from Hepatocytes 
 Hepatocytes were isolated by using the four-step 
collagenase liver perfusion method. After that, to 
examine the cell viability, trypan blue exclusion test 
was used. For mitochondrial parameters assay, the 
mitochondria was prepared and extracted from 
hepatocytes. Briefly, the hepatocytes were suspended 
in 10mL of solution A (0.25M of sucrose, 0.01M of 
tricine, 1mM of EDTA, 10mM of NaH2 PO4 , and 
2mM of MgCl2 ; pH=8) and subsequently frozen at –
80°C for 10 min and centrifuged at 760 g for 5 min in 
order to break the plasma membrane. The supernatant 
was kept while the pellet was homogenized for 10 
min, followed by centrifugation at 760 g for 5 min. 
The supernatants from the two previous steps were 
combined and centrifuged for 20 min at 8,000 g. The 
final mitochondria containing pellet was suspended in 
Tris buffer (0.05M of Tris-HCl, 0.25M of sucrose, 20 
mM of KCl, 2.0mM of MgCl2 , and 1.0mM of Na2 
HPO4 ; pH=7.4) at 4°C for further tests [1, 16-18]. 
 Isolation of the Mitochondria from melanocytes 
  Briefly, mitochondria from mouse melanoma cells 
were isolated using the perfusion-collagenase method 
[10, 19]. Then, after the measurement of cellular 
viability, the melanoma cells were pelleted using 
centrifugation at 300 × g for 3 min. Furthermore, to 
prepare the mitochondria from melanoma cells the 
differential centrifuges (760× g for 5 min and 8,000 
×g for 20 min, respectively) were used. Eventually, 
the final mitochondrial pellets used to measure the 
desired parameters suspended in the corresponding 
buffer. 
2.4. Measurement of Succinate Dehydrogenase 
(SDH) activity 
Briefly, the effect of methanolic extract of Holothuria 
(H. parva and H. sabra) (0, 125, 250, 500, 1000 
and1500𝜇g/mL) on SDH activity was measured by the 
decline of MTT (3-[4, 5- dimethylthiazol-2-yl]-2, 5-
diphenyltetrazoliumbromide) to formazan using an 
ELISA reader (Tecan, Rainbow Thermo, Austria) at 
570 nm [8, 20]. 
2.5. Mitochondrial Reactive Oxygen Species (ROS) 
level 
We used the DCFH-DA as a fluorescent probe to 
assess the mitochondrial ROS level. The mitochondria 
isolated from melanoma and normal cells were placed 
in the respiration buffer. The fluorescent probe at 
concentration of 10 𝜇M was added to mitochondria 
isolated both groups and incubated for 10min at 37∘C. 
Eventually, mitochondrial fluorescence (DCF) as an 
indicator of the level of ROS generation was 
measured by Shimadzu RF-5000U fluorescence 
spectrophotometer (Ex: 488 nm and EM: 527 nm) 
[14]. 
2.6.Measurement of Mitochondria Membrane 
Potential (MMP) 
Rhodamine 123 (Rh 123) at a concentration of 10 𝜇M 
was used as a cationic fluorescent probe and was 
added to the mitochondrial suspensions isolated from 
both groups of MMP assay buffer and incubated for 
10min at 37∘C. Eventually, mitochondrial 
fluorescence (Rh 123) as an indicator of the collapse 
of MMP was measured by Shimadzu RF-5000U 
fluorescence spectrophotometer (Ex: 490 nm and EM: 
535 nm) [14]. 
2.7.Determination of Mitochondrial Swelling 
The effect of methanolic extract of Holothuria (H. 
parva and H. sabra) (250, 500, 1000𝜇g/mL) on 
mitochondrial swelling was measured at 5, 15, 30, 45, 
and 60 min time intervals using an ELISA reader 
(Tecan, Rainbow Thermo, Austria)at 540 nm. The 
decrease in absorption reflects mitochondrial swelling 
[21].  
2.8.Cytochrome c release 
The cytochrome c release was determined with a 
Quantikine Rat/Mouse Cytochrome c Immunoassay 
kit (R&D Systems, Inc., Minneapolis, MN, USA).  
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Results are presented as mean ± SD. The assays were 
performed in triplicate and the mean was used for 
statistical analysis. Statistical significance was 
determined using the one-way ANOVA test followed 
by the post-hoc Tukey test in mitochondrial succinate 
dehydrogenase assay and cytochrome c release 
measurement. Statistical significance was set at 
P<0.05. And other mitochondrial dysfunction 
parameters including ROS formation, MMP, and 
mitochondrial swelling were analyzed by two way 
ANOVA and Bonferonie post test. In all graphs, the 
data were expressed as mean ± SD and P<0.05 was 
considered statistically significant. The 
flowcytometric data were analyzed by FlowMax. 
3. Results 
3.1. Holothuria (H. parva and H. sabra) extracts 
decreased SDH activity 
As shown in Figure 1 (A, B), methanolic extracts of 
H. parva (0, 125, 250, 500, 1000 and1500 μg/mL) 
induced a considerable decline in the SDH activity in 
the skin mitochondria isolated from melanoma and 
mitochondria obtained from HCC (Figure 1 (C, D)). 
The methanolic extracts (125, 250, 500 and 1000 
µg/mL) did not induce any significant changes in the 
SDH activity in normal cell groups (Figures 1B, D). 



















































































C (methanolic extract, HCC) D (methanolic extract, normal) 
  
Figure 1: SDH activity. The effect of (A) methanolic extracts of the H. parva (0-1500 µg/mL) on SDH activity in 
the skin mitochondria obtained from melanoma group. (B) The Effect of methanolic extract (0-1500 µg/mL) of H. 
parva on skin mitochondria of the normal group. (C) the effect of methanolic extracts (0-1000 µg/mL) of the H. 
sabra (0-1000 µg/mL) on SDH activity in the HCC mitochondria. (D) The Effect of methanolic extracts (0-1000 
µg/mL) of H. sabra on the SDH Activity of normal Hepatocytes. Values are presented as mean ± SD (n = 3). The 
one-way ANOVA test was performed. * and *** Significantly different from the corresponding control groups  
(p<0.05 and p<0.001, respectively). 
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3.2. Holothuria (H. parva and H. sabra) extracts 
increased Mitochondrial ROS level 
Mitochondrial fluorescence (DCF) as an indicator of 
the level of ROS generation was measured. 
Methanolic extracts of H. parva at the concentrations 
of 250, 500, and 1000 𝜇g/mL increased the level of 
ROS generation in a concentration and time dependent 
manner in the skin mitochondria isolated from 
melanoma cells group (Figure 2A). In the same results 
the methanolic extracts of H. sabra at the 
concentrations of 250, 500, and 1000 𝜇g/mL increased 
the level of ROS generation in a concentration and 
time dependent manner in the mitochondria isolated 
from HCC group (Figure 2B).  Our results did not 
show any significant changes in increasing level of 
ROS generation in these mitochondria isolated from 


















































Figure 2: The mitochondrial ROS level. (A) The effect of methanolic extracts of the H. parva (250, 500 and 1000 
µg/mL) on the level of mitochondria ROS generation in the skin mitochondria isolated from normal and melanoma 
cells groups. (B) The effect of  methanolic extracts of the H. sabra (250, 500 and 1000 µg/mL) on the level of 
mitochondria ROS generation in the mitochondria isolated from HCC and normal cells groups. Values are presented 






 significantly different from the 
untreated control melanoma group (p<0.05, p<0.001 and, p<0.0001, respectively). 
3.3. Holothuria (H. parva and H. sabra) extracts 
declined MMP 
Mitochondrial fluorescence (Rh 123) as an indicator 
of MMP collapse was measured. methanolic extract of 
H. parva at concentrations of 250 µg/mL (45 and 60 
min), 500 µg/mL (30, 45 and 60 min), and 1000 
µg/mL (15, 30, 45 and 60 min) induced collapse of 
MMP in the skin mitochondria isolated from 
melanoma cells group. (Figure 3A). Methanolic 
extracts of H. parva at (250, 500, and 1000 𝜇g/mL) 
did not induce collapse of MMP in the skin 
mitochondria isolated from normal cells group (Figure 
3A). In the same result methanolic extracts of H. 




and 1000 𝜇g/mL increased collapse of MMP in the 
mitochondria isolated from the HCC group. (Figure 3 
B).  Our results did not show any significant changes 
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Figure 3: The MMP assay. (A) The effect of methanolic extracts of the H. parva (250, 500 and 1000 µg/mL) on the 
collapse of MMP in the skin mitochondria isolated from normal and melanoma cells group. (B) The effect of  
methanolic extracts of the H. sabra (250, 500 and 1000 µg/mL) on the collapse of MMP in the mitochondria isolated 
from HCC and normal cells groups. Values are presented as mean ± SD (n = 3). The two-way ANOVA test was 
performed. *, **,***and **** Significantly different from the untreated control melanoma group (p<0.05,p<0.01,p<0.001 
and, p<0.0001 , respectively). 
3.4. Holothuria (H. parva and H. sabra) extracts 
increased swelling in mitochondria 
Mitochondrial swelling was evaluated as an indicator 
of the mitochondrial membrane permeability 
transition. In the skin mitochondria obtained from 
melanoma cell group, the results indicated that 
methanolic extracts (250, 500, and 1000 𝜇g/mL) of H. 
parva led to mitochondrial swelling (Figure 4A). In 
the same result in the HCC mitochondria, methanolic 
extracts (250, 500, and 1000 𝜇g/mL) of H. sabra led 
to an increase in mitochondrial swelling (Figure 4B). 
Moreover, methanolic extracts of H. parva and H. 
sabra at concentrations of 250, 500, and 1000 µg/mL 
did not induce any changes on the swelling in 








































Figure 4: The mitochondrial swelling assay. The effect of (A) methanolic  extracts of the H. parva (250, 500 and 
1000 µg/mL) on the mitochondrial swelling in the skin mitochondria isolated from normal and melanoma cells group. 
(B) The effect of  methanolic extracts of the H. sabra (250, 500 and 1000 µg/mL) on the mitochondrial swelling in the 
HCC and normal cells mitochondria.  Values are presented as mean ± SD (n = 3). The two-way ANOVA test was 
performed. *and,***and **** Significantly different from the untreated control melanoma group (p<0.05,p<0.001 
and<0.0001 , respectively). 
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3.5. Holothuria (H. parva and H. sabra) extracts 
induced cytochrome c release 
Both extracts of H. parva and H. sabra at IC50 (500 
µg/mL) concentrations induced the release of 
cytochrome c only from melanoma and HCC 
mitochondria into the buffer media.  
Furthermore, pre-treatment of cancerous mitochondria 
exposed to extracts of H. parva and H. sabra at IC50 
concentration with cyclosporine A (Cs.A) as a MPT 
inhibitorand butylatedhydroxyl toluene (BHT) as an 
antioxidant, prevented the cytochrome c release (P 
<0.05). 









































































































































































Figure 5: Cytochrome c expulsion assay. Cytochrome c expulsion was determined by using corresponding 
rat/mouse cytochrome c ELISA kit. The cytochrome c expulsion is increased after addition of (A) methanolic 
extracts of the H. parva (500μg/mL) on the mitochondria obtained from the melanoma induced skin. (B methanolic 
extracts of the H. sabra (500μg/mL) on the mitochondria obtained from the HCC.  Values are presented as mean ± 
SD (n = 3). The one-way ANOVA test was performed. *** Significantly different from the untreated melanoma 
control mitochondria, (p<0.001). ##and### Significant difference in comparison with H. parva extract (500μg/mL) - 
treated  melanoma mitochondria,  p<0.01 and p<0.001respectively. 
4. Discussion and Conclusion  
Melanoma is one of the most common cancers 
throughout the world, more aggressive than other skin 
cancers and very deadly. The rise of HCC rates is also 
another considerable globally problem coupled with 
inefficient methods for HCC treatment [23].  
Currently, cancer treatments are controversial [22, 
23].  Several studies have shown that suppression of 
apoptosis is one of the reasons for the failure of cancer 
treatment [4-7]. During the progression of cancer, 
molecular alterations, such as activation of anti-
apoptotic agents, inactivation of pro-apoptotic 
effectors, and rein for cement of survival signals are 
key factors that contribute to the failure of cell death 
control [7]. Thus, identifying novel anticancer 
compounds capable of inducing apoptosis are key 
elements in the treatment of this disease.  
Studies have shown that bioactive compounds isolated 
from certain marine species are effective in the 
treatment of cancer [24, 25]. In recent years, many 
studies have investigated sea cucumbers given their 
pharmacological properties, particularly their 
anticancer properties. These properties are attributed 
to their bioactive compounds (triterpenoid glycosides, 
sulfated polysaccharides, sterols, etc.). Sea cucumbers 
are attractive due to their natural source, long history 
of nutrition value, and negligible toxic effects. 
Induction of apoptosis is one of the key anticancer 
mechanisms of these compounds [13, 22]. 
This study was designed to evaluate the selective 
toxicity effect of three extracts of H. parva on skin 
mitochondria isolated from atypical animal model of 
melanoma and three extracts of H. sabra on 
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Our results show that different concentrations of H. 
sabra (250, 500 and 1000μg/ mL) significantly 
(p<0.05) decrease SDH activity in the HCC 
mitochondria in comparison to control rat 
mitochondria.  
The level of ROS formation caused by the generation 
of H2O2 formation as mitochondria parameter toxicity 
was evaluated. In this study, three extracts of H. sabra 
at different time and concentration significantly 
(p<0.05) promoted ROS formation in the 
mitochondria of the HCC group compared to the 
control group in a time and concentration dependent 
manner. 
The above concentrations of H. sabra significantly 
induced the collapse of MMP (ΔΨm) in the 
mitochondria isolated from the HCC group in 
comparison to the control group. The collapse of 
MMP plays a vital role in subsequent processes 
especially in apoptosis. Mitochondrial membrane 
damage can cause MPT pore-opening, release of 
cytochrome c into the cytosol, and finally apoptosis 
and necrosis can be acquired [36]. 
In addition, Mitochondrial swelling as another 
indicator of MPT are significantly elevated by the 
given concentrations of H. sabra in the mitochondria 
obtained from HCC in comparison with the control 
group.  
Another important result was that the mentioned 
extract (500µg/mL) of H. sabra significantly induced 
the release of cytochrome c only from the HCC but 
not from the control mitochondria.  
A defected apoptosis pathway plays a critical role in 
most malignant tumors, and can be efficient for cancer 
therapies. Research has shown that apoptosis induced 
from marine species are due to the presence of 
bioactive compounds, which are considered as new 
anti-cancer drug [37].  
Reports indicate that there are many differences (size, 
number, shape, genomic, and structural) between the 
mitochondria of normal and cancer cells [8, 9, 14]. 
Due to these differences, the mitochondria has been 
considered for many researchers as a cancer 
therapeutic target [8, 9, 14]. 
Exposing skin mitochondria isolates from melanoma 
cells by H. parva at all applied concentrations 
displayed a dose and time dependent inhibitory effect 
on SDH activity. Our result is also in agreement with 
our previous studies [14, 17].  
Our results indicated that ROS generation increases 
only in the cancerous mitochondria after addition of 
H. parva. In comparison with normal and HCC cells, 
the mellanoma cells are more vulnerable against free 
radicals and subsequently oxidative stress. Several 
studies have shown that ROS plays an important role 
in the induction of apoptosis (through mitochondrial 
dependent pathway).  
The MMP decline as one of the main triggers of the 
cell death (apoptosis and necrosis shows the MMP 
collapses only in cancerous mitochondria after 
addition of H. parva). This result is more considerable 
in melanoma in comparison with HCC. 
 Mitochondrial swelling and cytochrome c expulsion, 
as subsequent events after mitochondrial permeability 
transition (PT) were also determined. This study 
shows the involvements of MPT pore opening and 
mitochondrial swelling in cytochrome c release from 
only the cancerous mitochondria exposed to H. parva. 
The CsA (MPT inhibitor) significantly inhibited the 
cytochrome c release induced by H. parva. Studies 
have shown that release of cytochrome c from 
mitochondria to the cytosol is a vital event in the 
apoptotic process [30, 31].  
In conclusion, we propose that the effect of 
methanolic extract of H. parva on skin mitochondria 
isolated from normal and melanoma cells and the 
effects of all extracts of H. sabra on mitochondria 
isolated from normal and hepatocyte cells may be 
attributed to the presence of numerous arrays of 
bioactive compounds, such as phenolic, saponins, 
sterols, cerebrosides, and sulfated polysaccharides. 
This study demonstrates that mitochondrial targeting 
is the vital mechanism by which the Persian Gulf sea 
cucumber (H. parva and H. sabra) extracts could 
potentially and selectively induce apoptosis pathway 
in skin mitochondria isolated from melanoma cells 
more than hepatocyte cells. Hence, this study provides 
evidence that sea cucumbers should be strongly 
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considered as a potentially new anti-cancer drug 
candidate. 
Acknowledgment 
The results presented in this article were partly 
extracted from Dr. Nina Seyed Razi’s thesis, Ph.D. 
graduate of Pharmaceutical Sciences Research Center, 
Shahid Beheshti University of Medical Sciences, 
Tehran, Iran. The thesis was performed under the 
supervision of Prof. Jalal Pourahmad.The 
investigation was financially supported by research 
grant from the Shahid Beheshti University of Medical 
Sciences, Deputy of Research, Tehran, Iran. 
References 
1. Garbe C, Peris K, Hauschild A, Saiag P, Middleton 
M, Bastholt L, et al. Diagnosis and treatment of melanoma. 
European consensus-based interdisciplinary guideline - 
Update 2016. European journal of cancer (Oxford, England 
: 1990). 2016 Aug;63:201-17. 
2. Looi CY, Arya A, Cheah FK, Muharram B, Leong 
KH, Mohamad K, et al. Induction of Apoptosis in Human 
Breast Cancer Cells via Caspase Pathway by Vernodalin 
Isolated from Centratherum anthelminticum (L.) Seeds. 
PLoS One. 2013;8. 
3. Wang Y, Lv J, Cheng Y, Du J, Chen D, Li C, et al. 
Apoptosis induced by Ginkgo biloba (EGb761) in 
melanoma cells is Mcl-1-dependent. PLoS One. 
2015;10(4):e0124812. 
4. Eberle J, Kurbanov BM, Hossini AM, Trefzer U, 
Fecker LF. Overcoming apoptosis deficiency of melanoma-
hope for new therapeutic approaches. Drug resistance 
updates : reviews and commentaries in antimicrobial and 
anticancer chemotherapy. 2007 Dec;10(6):218-34. 
5. Grossman D, Altieri DC. Drug resistance in 
melanoma: mechanisms, apoptosis, and new potential 
therapeutic targets. Cancer metastasis reviews. 2001;20(1-
2):3-11. 
6. Hussein MR, Haemel AK, Wood GS. Apoptosis 
and melanoma: molecular mechanisms. The Journal of 
pathology. 2003 Mar;199(3):275-88. 
7. Soengas MS, Lowe SW. Apoptosis and melanoma 
chemoresistance. Oncogene. 2003 May 19;22(20):3138-51. 
8. Salimi A, Roudkenar MH, Sadeghi L, Mohseni A, 
Seydi E, Pirahmadi N, et al. Ellagic acid, a polyphenolic 
compound, selectively induces ROS-mediated apoptosis in 
cancerous B-lymphocytes of CLL patients by directly 
targeting mitochondria. Redox biology. 2015 Dec;6:461-
71. 
9. Seydi E, Rasekh HR, Salimi A, Mohsenifar Z, 
Pourahmad J. Myricetin Selectively Induces Apoptosis on 
Cancerous Hepatocytes by Directly Targeting Their 
Mitochondria. Basic & clinical pharmacology & 
toxicology. 2016 Sep;119(3):249-58. 
10. Talari M, Seydi E, Salimi A, Mohsenifar Z, 
Kamalinejad M, Pourahmad J. Dracocephalum: novel 
anticancer plant acting on liver cancer cell mitochondria. 
BioMed research international. 2014;2014. 
11. Al Marzouqi N, Iratni R, Nemmar A, Arafat K, 
Ahmed Al Sultan M, Yasin J, et al. Frondoside A inhibits 
human breast cancer cell survival, migration, invasion and 
the growth of breast tumor xenografts. European journal of 
pharmacology. 2011 Oct 01;668(1-2):25-34. 
12. Wang HC, Pao J, Lin SY, Sheen LY. Molecular 
mechanisms of garlic-derived allyl sulfides in the inhibition 
of skin cancer progression. Annals of the New York 
Academy of Sciences. 2012 Oct;1271:44-52. 
13. Janakiram NB, Mohammed A, Rao CV. Sea 
Cucumbers Metabolites as Potent Anti-Cancer Agents. 
Marine drugs. 2015 May 12;13(5):2909-23. 
14. Seydi E, Motallebi A, Dastbaz M, Dehghan S, 
Salimi A, Nazemi M, et al. Selective Toxicity of Persian 
Gulf Sea Cucumber (Holothuria parva) and Sponge 
(Haliclona oculata) Methanolic Extracts on Liver 
Mitochondria Isolated from an Animal Model of 
Hepatocellular Carcinoma. Hepatitis monthly. 2015 
Dec;15(12):e33073. 
15. Han H, Xu QZ, Tang HF, Yi YH, Gong W. 
Cytotoxic holostane-type triterpene glycosides from the sea 
cucumber Pentacta quadrangularis. Planta medica. 2010 
Nov;76(16):1900-4. 
16. Liu BS, Yi YH, Li L, Sun P, Yuan WH, Sun GQ, 
et al. Argusides B and C, two new cytotoxic triterpene 
glycosides from the sea cucumber Bohadschia argus Jaeger. 
Chemistry & biodiversity. 2008 Jul;5(7):1288-97. 
17. Salimi A, Motallebi A, Ayatollahi M, Seydi E, 
Mohseni AR, Nazemi M, et al. Selective toxicity of persian 
gulf sea cucumber holothuria parva on human chronic 
lymphocytic leukemia b lymphocytes by direct 
mitochondrial targeting. Environmental toxicology. 2016 
Jul 12. 
18. Sarhadizadeh N, Afkhami M, Ehsanpour M. 
Evaluation bioactivity of a sea cucumber, Stichopus 
hermanni from Persian Gulf. Eur J Exp Biol. 2014;4:254-8. 
19. Seglen PO. Preparation of isolated rat liver cells. 
Methods in cell biology. 1976;13:29-83. 
20. Zhao Y, Ye L, Liu H, Xia Q, Zhang Y, Yang X, et 
al. Vanadium compounds induced mitochondria 
permeability transition pore (PTP) opening related to 




Akbarpour Avini et al. QSAR modeling of COX-2 inhibitors  
Int Pharm Acta 
 
June 2018| Volume 1| Issue 2 |Article 6 
Page | 
217 
21. Talari M, Seydi E, Salimi A, Mohsenifar Z, 
Kamalinejad M, Pourahmad J. Novel Anticancer Plant 
Acting on Liver Cancer Cell Mitochondria. Bio Med 
Research International 2014. 
22. Baharara J, Amini E, Nikdel N, Salek-Abdollahi F. 
The Cytotoxicity of Dacarbazine Potentiated by Sea 
Cucumber Saponin in Resistant B16F10 Melanoma Cells 
through Apoptosis Induction. Avicenna journal of medical 
biotechnology. 2016 Jul-Sep;8(3):112-9. 
23. Lewandowska U, Gorlach S, Owczarek K, Hrabec 
E, Szewczyk K. Synergistic interactions between anticancer 
chemotherapeutics and phenolic compounds and anticancer 
synergy between polyphenols. Postepy higieny i medycyny 
doswiadczalnej (Online). 2014 Jan 02;68:528-40. 
24. Zhao Y, Ye L, Liu H, Xia Q, Zhang Y, Yang X, et 
al. Vanadium compounds induced mitochondria 
permeability transition pore (PTP) opening related to 
oxidative stress. Journal of inorganic biochemistry. 
2010;104(4):371-8. 
25. Wijesinghe WA, Jeon YJ, Ramasamy P, Wahid 
ME, Vairappan CS. Anticancer activity and mediation of 
apoptosis in human HL-60 leukaemia cells by edible sea 
cucumber (Holothuria edulis) extract. Food chemistry. 
2013 Aug 15;139(1-4):326-31. 
26. Lopez J, Tait SW. Mitochondrial apoptosis: killing 
cancer using the enemy within. British journal of cancer. 
2015 Mar 17;112(6):957-62. 
27. Circu ML, Aw TY. Reactive oxygen species, 
cellular redox systems, and apoptosis. Free radical biology 
& medicine. 2010 Mar 15;48(6):749-62. 
28. Mates JM, Sanchez-Jimenez FM. Role of reactive 
oxygen species in apoptosis: implications for cancer 
therapy. The international journal of biochemistry & cell 
biology. 2000 Feb;32(2):157-70. 
29. Simon HU, Haj-Yehia A, Levi-Schaffer F. Role of 
reactive oxygen species (ROS) in apoptosis induction. 
Apoptosis : an international journal on programmed cell 
death. 2000 Nov;5(5):415-8. 
30. Goldstein JC, Munoz-Pinedo C, Ricci JE, Adams 
SR, Kelekar A, Schuler M, et al. Cytochrome c is released 
in a single step during apoptosis. Cell Death Differ. 2005 
May;12(5):453-62. 
31. Goodsell DS. The molecular perspective: 
Cytochrome C and apoptosis. Stem Cells. 2004;22(3):428-
9. 
 
 
 
 
 
 
